Background: Adjuvant chemotherapy (ACT) can reduce the risk of recurrence and improve survival after surgical resection in non-small cell lung cancer (NSCLC) patients. We explore the optimal time from surgery to initiation of ACT in Chinese patients with stage IIIA NSCLC. Methods: Patients pathologically diagnosed with IIIA NSCLC who underwent radical surgery were included in this study. The cut-off point of time to initiation of adjuvant chemotherapy (TTAC) was determined by maximally selected log-rank statistics. Patients were divided into two groups according to the TTAC cut-off point. Propensity score matching (PSM) was used to eliminate confounding variables, and Kaplan-Meier analysis was used to analyze the impact of TTAC on disease-free survival (DFS). Results: The cut-off time was 46 days from surgery to the first ACT. Prior to PSM, baseline characteristic variables were balanced with no statistical difference between the groups, except for pathologic subtype and smoking history. No difference in DFS was found between the two groups prior to PSM (P = 0.529); after PSM, the median DFS was consistent between the two (P = 0.822). N2 lymph node station involvement was an independent factor associated with poor survival compared with patients with N0 lymph node involvement. Moderate differentiation and postoperative radiotherapy could improve survival; however, TTAC was not significantly correlated with DFS. Subgroup analyses showed no significant correlation between DFS and different TTAC programs.
Introduction
Lung cancer is the most common cause of cancer-related death worldwide. Some studies have reported that patients with stage II-IIIA non-small cell lung cancer (NSCLC) could benefit from cisplatin-based adjuvant chemotherapy (ACT) after surgical resection.
1,2 A population-based study reported that the two-year survival rate in patients who received ACT was significantly higher than those who were treated with surgery alone (82.0% vs. 64.4% for stage II NSCLC; 76.4% vs. 57.5% stage IIIA NSCLC). 2 In these trials, ACT was usually initiated within approximately four to eight weeks after surgery. [3] [4] [5] However, few studies have reported the optimal time for initiating ACT after surgery.
Several clinical studies on breast and colorectal cancer have demonstrated an association between the interval from surgical resection to the initiation of ACT and long term survival. [6] [7] [8] [9] One meta-analysis involving colorectal cancer reported that initiation of ACT more than eight weeks after surgery was associated with a poorer overall survival (OS) (hazard ratio [HR] 1.20; 95% confidence interval [CI] 1.15-1.26). 7 A large population-based breast cancer registry demonstrated that a delay of ACT of more than three months was associated with increased disease-specific (HR 1.69; 95% CI 1.31-2. 19 ) and overall mortality (HR = 1.46; 95% CI 1.21-1.75). 9 There is currently no defined optimal interval specific to NSCLC patients to receive ACT. The objective of the present study is to explore the optimal interval from surgical resection to ACT in patients with stage IIIA NSCLC.
Patients and methods

Patients
The study was approved by the Ethics Committee of the Cancer Hospital of the Chinese Academy of Medical Sciences (Beijing, China). Details of all patients who received surgical resection and postoperative ACT at the Cancer Hospital between January 2003 and December 2013 were collected from the hospital database. Finally, 454 Chinese patients who were pathologically confirmed as having stage IIIA NSCLC and received ACT after surgical resection met the inclusion criteria. All patients received ACT after radical surgery for, at most, four cycles. Disease recurrence was assessed by computed tomography (CT) scan, magnetic resonance imaging (MRI), bone scanning, and tumor markers. All staging procedures were carried out using the 7 th Union for International Cancer Control tumor node metastasis (TNM) classification. The date from surgery to ACT, gender, age, smoking status, pathologic subtype, degree of differentiation, lymphovascular invasion, performance status, adjuvant radiotherapy, and comorbidities were collected. Lymph node invasion was defined according American Thoracic Society criteria. 10 Performance status was defined according to the Eastern Cooperative Oncology Group (ECOG) performance scale.
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Comorbidities were recorded when patients had preoperatively diagnosed cardiovascular, cerebrovascular or pulmonary diseases, or diabetes mellitus. 12 The time to initiation of adjuvant chemotherapy (TTAC) was defined as the duration of time from a curative operation to the initiation of ACT. Disease-free survival (DFS) was defined as the duration from surgery to recurrence (local, regional, and/or distant) or death from any cause. 12 By the end of October 2015, data obtained from multiple sources including clinical letters, follow-up scans, hospital computer information systems, and telephone calls were entered into our database for analysis.
Statistical analysis
Continuous and categorical variables from 10% of random samples of the 454 included patients were used as a training set to find the TTAC cut-off point. The optimal TTAC cut-off point (measured in days) was calculated using maximally selected log-rank statistics (validated by maxstat package from R, http://mirrors.opencas.cn/cran/src/contrib/ maxstat_0.7-23.tar.gz). The remaining 90% of patients were divided into two groups according to cut-off time. Baseline characteristics were described as frequencies and percentages for categorical variables, and means and standard deviations for continuous variables. Differences in baseline characteristics between the two groups were analyzed using the Chi square test. Kaplan-Meier curves and log-rank tests were used to compare DFS between the two groups. The Cox proportional hazards regression model was used to identify risk factors independently associated with DFS. Gender, age, lymph node invasion, clinical stage, performance status, adjuvant radiotherapy, Charlson comorbidity score, and World Health Organization performance score were considered as covariates in multivariate analysis.
To reduce the impact of the potential confounding factors in our retrospective study, we performed rigorous adjustment for baseline differences by propensity score matching (PSM). 13 Matched-pairs analysis was performed according to the propensity score in the remaining 90% of patients using an appropriate ratio, and a caliper width of 0.20. After PSM, baseline covariates were balanced and comparable between the two groups. Subgroup analyses were conducted with a forest plot to determine whether TTAC provided survival benefits in terms of gender, age, smoking status, pathologic subtype, differentiation, lymph node invasion, clinical stage, performance status, adjuvant radiotherapy, and Charlson comorbidity score.
Predictors were considered statistically significant at P < 0.05, and all statistical analyses were performed using SAS software version 9.3 (SAS Institute Inc., Cary, NC, USA) and R version 3.1.0 (R Foundation for Statistical Computing, Vienna, Austria).
Results
General characteristics
Data of 45 (10%) patients was selected by random sampling to perform preprocessing calculation of the cut-off point with maximally selected log-rank statistics. The optimal time from surgery to the first AC was 46 days (Fig 1) . With the sample of 45 patients deducted, the matching process resulted in a cohort of 409 patients who finally constituted the population of the study: 81. Table 1 . The median follow-up period was 429 days (range: 53-2789). Patients who received postoperative ACT for longer than 46 days had higher rates of smoking history (P = 0.035) and squamous subtype (P = 0.004). When propensity matching was used, 270 patients were included and were well matched by a 4:1 ratio, without showing significant differences in baseline characteristics.
Risk factors for disease-free survival (DFS)
The results of the Cox model are shown in Table 2 . Univariate analysis showed that compared with squamous cell carcinoma, adenocarcinoma and other subtypes of histology were risk factors affecting patient survival (HR 1.331, 95% CI 1.010-1.752, P = 0.041; HR 2.293, 95% CI 1.141-4.605, P = 0.019). Compared with N0 lymph node involvement, N2 lymph node involvement was associated with a poorer survival rate (HR 2.425, 95% CI 1.141-5.154, P = 0.02), while patients with moderate differentiation had improved survival compared with those with poor differentiation (HR 0.700, 95% CI 0.522-0.938, P = 0.016). Multivariate analysis showed that the moderate differentiation subtype was associated with better survival compared with the poor differentiation subtype (HR 0.662, 95% CI 0.490-0.894, P = 0.007). Patients who underwent postoperative radiotherapy (PORT) had longer DFS (HR 0.621, 95% CI 0.469-0.821, P = 0.001) than those who were not treated with PORT. In contrast, patients 
DFS in different times to initiation of adjuvant chemotherapy
The median DFS in patients receiving TTAC within 46 days and those receiving TTAC longer than 46 days was 467 (95% CI 420-552) and 474 days (95% CI 400-623), respectively, showing no statistically significant difference (P = 0.775), as indicated by Kaplan-Meier analysis prior to PSM. After PSM, the 216 patients in the 46 day group and the 54 patients in the longer time group were well matched. The median DFS was 438 (95% CI 379-494) and 457 days (95% CI 369-566), respectively, and Kaplan-Meier results were consistent with the prior outcome (P = 0.822). There was no significant interaction between TTAC and DFS (Fig 2) .
Subgroup analysis
We conducted an exploratory analysis to determine whether TTAC provided survival benefits to stage IIIA NSCLC patients in terms of gender, age, smoking status, pathology subtype, differentiation, lymph node invasion, clinical stage, performance status, adjuvant radiotherapy, and Charlson comorbidity score subset. Unfortunately, there was no significant difference in any subgroup of patients (Fig 3) .
Discussion
The five-year survival rate of IIIA NSCLC patients was 23%, despite radical surgery, which was quite disappointing. 14, 15 It has been reported that postoperative ACT could reduce the risk of recurrence and prolong OS. Compared with stage II NSCLC patients, multidisciplinary management is the optimal strategy for stage IIIA NSCLC patients to reduce local recurrence and distant metastasis. 2, 16, 17 It is important, for both patients and medical oncologists, to determine how to integrate these therapies to obtain the longest possible survival. Some studies concerning TTAC in breast cancer and colorectal malignancy have demonstrated that TTAC could affect DFS. [6] [7] [8] [9] We initially presumed that ACT should be initiated within eight weeks after surgery in NSCLC patients, but some analyses have shown that this was not the case. There are two similar studies of TTAC in patients with NSCLC. One evaluated the impact of time to treatment in patients with stage II NSCLC by comparing the risk of recurrence between groups initiating ACT within 6 weeks, 6-8 weeks, 8-10 weeks, and after 10 weeks, and found that the duration of time did not seem to be associated with survival. 18 Christopher et al. conducted a retrospective population-based study and reported that there was no statistically significant difference in stage I-IV NSCLC patients who received ACT within 10 weeks and those who received ACT for longer intervals. 19 Why delayed TTAC is associated with poorer survival in colorectal and breast cancer patients, but not in NSCLC patients, must still be determined. Is there a defined optimal interval specific for NSCLC patients to receive ACT? Is TTAC for stage IIIA NSCLC consistent with the previous results of all stages of NSCLC, particularly stage II NSCLC? We attempted to determine an optimal TTAC that could deliver better survival rates. Unfortunately, although we succeeded in averting confounding by PSM, the outcome was coincident with the previous conclusion about stage II and I-IV NSCLC, in that TTAC was not associated with survival. Whether there is an optimal TTAC to predict a significant survival benefit in patients with NSCLC remains undetermined.
Compared with previous reports, our study has some distinct features. First, we used DFS as the primary endpoint instead of OS. As the incidence of epidermal growth factor receptor (EGFR) active mutations and anaplastic lymphoma kinase rearrangement is high in Chinese populations, OS might be affected by targeted therapy in further treatment. [20] [21] [22] EGFR-tyrosine kinase inhibitors (EGFR-TKIs) showed high antitumor activity and provided symptom relief in patients with advanced NSCLC previously treated with first or second line chemotherapy. 23, 24 Second, in previous studies on breast and colorectal cancers, the TTAC cut-off point was presumed according to the clinical practice of the researchers concerned with identifying the relationship between TTAC and survival. 8, 9, 18, 19 In our study,maximally selected rank statistics were used logically to estimate the optimal TTAC cut-off point, which provide stronger evidence to predict better survival. Finally, our study might be the first study to explore the optimal time from surgery to initiation of AC in Chinese NSCLC patients, by focusing on stage IIIA NSCLC.
Both univariate and multivariate analyses in our study demonstrated that patients with N2 lymph node involvement had inferior survival compared with N0 lymph node involvement, and the moderate subtype of differentiation was associated with better survival compared with poor differentiation. Survival in patients who received PORT was improved compared with patients who did not receive adjuvant radiotherapy, similar to results obtained from a previous meta-analysis, which showed that survival was prolonged in patients with IIIA disease who received PORT. 25 Although controversy remains over whether elderly NSCLC patients 
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should be excluded from ACT based on age, we did not determine any differences between age groups in terms of DFS benefit. Contrary to the finding that delayed delivery of ACT had a negative effect on survival in breast and colorectal cancer patients, our study found no significant correlation between TTAC and survival in NSCLC patients.
6-9 Although we did not address the issue of whether the optimal time of postoperative ACT was associated with better survival, some findings were noteworthy in our observation. More than 80% of our patients selected to receive ACT within 46 days, and the result of our analysis did not show any reduction in the risk of recurrence in this group of patients. Therefore, we could conclude that it is unnecessary to restrict ACT within a certain limited time for patients with stage IIIA NSCLC, and it is possible to wait until the general condition of the patient is good enough to tolerate chemotherapy, although delayed TTAC may prolong their postoperative hospital stay and increase hospitalization cost. For NSCLC patients with co-existing diseases and poor general condition, delayed TTAC could not only provide them with the same survival benefit but reduce non cancer-related death resulting from ACT.
Compared with other studies on other solid tumors, we failed to identify a significant correlation between ACT and survival in patients with stage IIIA NSCLC. The simplest reason is that there is indeed no correlation between TTAC and survival in NSCLC. Another reason may be that the increased risk of death from competing causes is offset by the survival benefit of early initiation of ACT. 19 The relatively the small sample size of our study in a single cancer center might result in a selection bias. Multicenter studies with larger sample sizes are required to verify the conclusion drawn from this study. Although we performed multivariate analysis and PSM to reduce the selection bias as much as possible, the retrospective nature of the present study and other factors, such as the chemotherapy regimen and the dose of agents, gene mutation, and chemotherapy-related toxicities, may confound the result. Finally, most Chinese patients are prone to start ACT as soon as possible after surgery, partly because of a lack of knowledge about ACT. 
Conclusion
With covariates eliminated in the two groups with PSM, TTAC did not seem to be associated with survival in NSCLC patients. The optimal time of postoperative ACT must still be determined. Further research is needed to explore the interaction between TTAC and survival in larger samples.
